Application of Backstepping Techniques to the Time-varying Exponential Stabilization of Chained Form Systems by Morin, Pascal & Samson, Claude
HAL Id: inria-00073898
https://hal.inria.fr/inria-00073898
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
Application of Backstepping Techniques to the
Time-varying Exponential Stabilization of Chained Form
Systems
Pascal Morin, Claude Samson
To cite this version:
Pascal Morin, Claude Samson. Application of Backstepping Techniques to the Time-varying Expo-
nential Stabilization of Chained Form Systems. RR-2792, INRIA. 1996. ￿inria-00073898￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
 
		 "!#$&% ')( $*+,% 
!-./10324	576) +8:9; 4)	=<>	@?A1	BC
D % 	 $EFG5H. <>6$.I
Pascal MORIN - Claude SAMSON
N˚ 2792
February 1996
PROGRAMME 4
 
		 "!#$&% ')( $*+,% 
!-./10324	576) +8:9; 4)	=<>	@?A1	BC
D % 	 $EFG5H. <>6$.I
 	
! "
#$
%'&()*&+-,.,/1032546(*78(*9;:=<?>@/A:B,C+*)//9EDF:HGI:H(*J
%'&(-K;/9MLONEP646Q
4+-RSR8(*&;9UTS/V&W/YX;Z@/&X;Z@/[J]\F^_`^32ba@/7S&;>+-&;ced*``f32b0?^]R+*)/YG
gihkjlnm*oSplq Lr96:=GMsFJ@(YtMJu9OZ+-969;Z@/1s:BJ@/,i+-9O:HX,(TS/vw(*xyG;/WD?/&+-vkJ#(*JSZ@(*v=(*J@(*,.:HX1Gzc!Gz9/,{G
X-+-Ju78/X|(*JD?/&;9/|Ti:BJ9(.+u}Y~FMYX|(*J9O&(*vGIcGz9W/W,P6GzcF,.RS9(*9;:=Xn+-vGI9+-7S:Bv:=-+-9O:H(*Je(*x
+-Jc/|<?>S:vB:B7S&;:B>S,R8(*:JF9(*xy9;ZS:=G6GzcGI9/W,Xn+-JSJ@(*978/]+*X;ZS:=/WD?/|Tu7ce,{/n+-J@G6(*x+{X|(*JF9;:JF>@(*>@G
RS>S&/1Gz9+-9W/Ux/Y/|T7+*X;sAF7>S9MXn+-Ju78/V(*79+-:J#/YTi7Fc>@Gz:BJ@).+{Yr*XY(*JF9;:BJ>#(*>@GEx/|/YT! 
7+*X;s¢¡£^*¤*¥¦L§Ju9;Z@/1RS&/|G;/WJF9ER+-R/&nA+37+*X;sGz9W/WRSR:J@)]9W/YX;ZSJ:H<?>@/:HGE>#G;/YT9W("T/W&;:BD?/1/W¨FRSvB:HX:9
9;:B,{/ D?+-&;cF:BJ@)"x/Y/|T7+*X;s!G69;Z+-91/WJ#Gz>S&/C©Oª#¦«Gz9+-7S:BvB:9§cu(*x9;Z@/]XvH(GO/YT v=(F(*R¬GIcGz9W/W,
­Et(¬Xv+*GOG;/YG.(*xX|(*J9O&(*vEv+Wt6G+-&/CRS&(*R8(G;/|T8A®tM:B9;Z(*J@/C(*xV9OZ@/W,¯:BJD?(*vBDF:J@)°+TcJ+-,":=X
/W¨F9/J@Gz:=(*J(*x9OZ@/](*&;:=)*:J+-v'X;Z+-:BJ@/YTGzc!Gz9/,V±:Bs?/]:BJ¬(*9OZ@/W&6&W/YX|/WJF91Gz9;>@T!:H/|G6(*J¬9OZ@/²G+-,/
9(*RS:=XA/¨FR(*J#/WJF9;:+-vkX|(*JD?/&)/J@XY/]:=G1(*7S9+-:BJ@/YTu7Fcu>@Gz:BJ@).9;Z@/²RS&W(*R/&;9;:=/|G+*G;G;(FXW:+-9/|TetU:9;Z
Z@(*,()/WJ#/Y(*>@G®GzcGI9/W,G|­EZ#/X|(*J9O&(*vv+Wt6G'GO(V(*79+-:J#/YT+-&/EX|(*J9O:JF>@(*>@G:BJ]78(*9;Z]9OZ@/GI9+-9/
+-J@T{9O:,/MD?+-&;:+-7Sv=/YG-®P[X|(*,"RvH/,/WJF9+-&;c.+-J#T{J@(|D?/Wv8x/n+-9;>S&/M(*x®9;Z@/MRS&(*R8(G;/|TXY(*JF9;&(*v8TS/ 
Gz:=)*J³9/YX;ZJS:H<?>@/.v:=/|G]:J³9;Z#/{/|Gz9;:B,C+-9;:H(*J´(*x1+ev=(Yt/W&O7(*>J@T¢(*x9;Z@/C+*GzcF,"R9(*9;:=X-+-v&+-9/C(*x
XY(*JFD?/&)/WJ#XY/$+*G1+$x>SJ@X9;:=(*Ju(*x+$&/YT!>@XY/|TG;/9(*xXY(*JF9;&(*vwR+-&+-,/9/W&WGEtMZS:=X;Zu:HG6:BJ@TS/R8/WJS 
TS/J9(*x'9;Z#/²Gzc!Gz9/,µ¶GMT!:,/J@Gz:=(*JwM·e(*&W/Y(|D?/W&nA@9;Z@/xr+*XW969;Z+-9M9;ZS:=GMvH(|tE/&;78(*>SJ@TC,i+c9+-s?/
+-Jc°R8(Gz:9O:D?/$D?+-vB>@/$:J#T:HXn+-9/|G9;Z+-9$+-JFc¬RS&W/YGzR8/|XW:B¸@/|T¬/¨FR(*J#/WJF9;:+-v&Y+-9/.(*x6XY(*JFD?/&)/WJ#XY/
X-+-Je7/3+*X;ZS:=/WD?/|TiDF:+$+$Gz>:9+-7vH/6X;Z@(*:=X|/²(*xk9;Z#/VX|(*JF9;&(*v8R+-&+-,/W9W/W&G-
¹uº	»8¼z½¾@m*¿kjq À (*JSZ@(*v=(*J@(*,.:HXCGzc!Gz9/,{G-AX;Z+-:BJ@/YT³GIcGz9W/W,G|A®9O:,/ D?+-&;cF:J@)uX|(*JF9;:JF>@(*>@G
x/|/YT7+*X;sAS+*GzcF,.RS9(*9;:=X-+-v8Gz9Y+-7S:vB:=-+-9;:=(*JwATcFJ+-,.:HX/¨9W/WJ@GI:H(*Jw
ÁHÂ8Ã¦Ä§ÅYÆMÃyÇwÈÉÄ§ÊËÌ
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Fig. 1.a): Control (I): motion in the (x,y) plane
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Fig. 4.a): Control (I): evolution of Log (ρ(x,z))
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Fig. 2.a): Control (II): motion in the (x,y) plane
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Fig. 5.a): Control (II): evolution of Log (ρ(x))
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Fig. 3.a): Control (III): motion in the (x,y) plane
-4.5
-4
-3.5
-3
-2.5
-2
-1.5
-1
-0.5
0
0.5
0 20 40 60 80 100
L
og
 (
ρ(
x)
) 
ax
is
time axis
Fig. 6.a): Control (III): evolution of Log (ρ(x))
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Fig. 1.b): evolution of x
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Fig. 2.b): evolution of y
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Fig. 3.b): evolution of θ
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Fig. 4.b): evolution of u1 and u2
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Fig. 5.b): Motion of the vehicle in the (x,y) plane
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Fig. 6.b): evolution of Log (ρ(x,z))
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Fig. 1.b): evolution of x
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Fig. 3.b): evolution of θ
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Fig. 4.b): evolution of u1 and u2
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Fig. 5.b): Motion of the vehicle in the (x,y) plane
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Fig. 6.b): evolution of Log (ρ(x))
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Fig. 1.c): evolution of x
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Fig. 2.c): evolution of y
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Fig. 4.c): evolution of u1 and u2
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Fig. 5.c): Motion of the vehicle in the (x,y) plane
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Fig. 6.c): evolution of Log (ρ(x))
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